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pressure bearing having a thrust dynamic pressure bearing
portion and a radial dynamic pressure bearing portion to
support the rotor rotatably in relation to the stator, comprising,
lubrication fluid being filled 1n a lubrication fluid filled por-
tion connecting said thrust dynamic pressure bearing portion
with said radial dynamic pressure bearing portion and being
used 1 common by said thrust dynamic pressure bearing
portion and said radial dynamic pressure bearing portion, and
a pump-1n dynamic pressure generation portion being dis-
posed between said thrust dynamic pressure bearing portion
and said radial dynamic pressure bearing portion so as to
generate pressure that causes the lubrication fluid to move
toward said radial dynamic pressure bearing portion.

6 Claims, 7 Drawing Sheets
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FIG. 6A
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1
MOTOR

CROSS-R.

L]
Y

ERENCE TO EARLIER FILED
APPLICATIONS

This application 1s a Continuation of U.S. patent applica-
tion Ser. No. 11/340,460, filed Jan. 27, 2006, now U.S. Pat.

No. 7,285,886 the entire content of which 1s hereby 1ncorpo-
rated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a motor equipped with a
dynamic pressure bearing.

2. Description of the Related Art

In a disc reading and writing apparatus, a motor equipped
with a dynamic pressure fluid bearing has become 1n general
use as a disc driving motor. This 1s because a dynamic pres-
sure fluid bearing has a unique characteristic of high reliabil-
ity and longevity, which 1s favorable for use 1n such an appa-
ratus.

By the way, there has been a strong demand for a thin-
model disc drive apparatus from the market and thus a thin
motor has been required to be equipped therein.

To meet such a demand, there have been disclosed various
kinds of thin-model disc drive apparatuses equipped with a
thrust dynamic pressure bearing disposed coaxially around a
radial dynamic pressure bearing 1n Japanese Patent Applica-
tion Laid-open Publications Nos. 2001-65552 (referred to as
a patent document 1, hereinatter) and 2003-180066 (referred
to as a patent document 2, hereinatter), in contrast to a motor
having a thrust dynamic pressure bearing disposed at the end

of a shaft.

The patent document 1 discloses a dynamic pressure bear-
ing and a motor using the same. In the motor, a sleeve 1s
provided, at 1ts one end, with a protrusion portion that pro-
trudes radially therefrom. The upper surface and the lower
surface of the protrusion portion, and a pair of surfaces pro-
vided 1n a shait guide member, the pair of surfaces opposing
respectively the upper and the lower surfaces, constitute a
thrust dynamic pressure bearing, thereby balancing dynamic
pressures along a shatt direction.

The patent document 1 discloses 1n 1ts paragraph 0061 a
motor in which a thrust dynamic pressure bearing 1s formed of
the upper surface of a sleeve and the lower surface of a bearing
holding member. In this motor, a floating position of a rotor 1s
controlled by balancing a rotor tloating pressure generated by
the dynamic pressure bearing and a magnetic force generated
between a rotor magnet and a stator yoke along the shaft
direction.

By the way, the dynamic pressure bearing device or the
motor described in the patent document 1 needs to be pro-
vided with a pair of dynamic pressure generation portions
(thrust dynamic pressure bearing portions) for keeping its
rotor tloated in an axial direction. Specifically, one of the
thrust dynamic pressure bearing portions 1s formed between
the upper surface of a flange portion of the sleeve and its
opposing surface; and the other one 1s formed between the
lower surface of the flange portion of the sleeve and 1ts oppos-
ing surface.

The thrust dynamic pressure generated by this dynamic
pressure generation portions 1s mainly determined by a gap
between a patterned groove formed therein and a surface
opposing the groove. Therefore, the bearing device needs to
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be assembled 1n such a way that the dynamic pressure groove
1s precisely formed and the gap 1s maintained with high pre-
C1S101.

However, 1t 1s very difficult to process not only one surface
but also the other surface of the flange portion paying much
attention to degree of parallelization or the like, because the
portion can be significantly deformed by a load applied
thereon.

Especially, when the flange portion 1s thin, the deformation
1s more significant and, 1n the end, a height of such a motor
can only be reduced to a limited degree.

On the other hand, 1n the motor having a configuration
described in the patent document 2, a magnet has to be mag-
netized in such a way that a degree of magnetization 1s not
varied, 1n order to control a floating amount of the rotor along
the axis direction. However, 1t 1s extremely diflicult to control
a degree of magnetization at the same time as taking account
of magnetic characteristic variations that occur 1n a sintering
process of magnet production.

Moreover, since variations i dimension are particularly
larger 1n a magnet made of a sintered material than 1n other
members and components made of metal, a distance between
the magnet and the stator yoke varies and as a result magnetic
attractive force cannot be stabilized, which makes 1t difficult
to precisely keep the rotor floated.

In addition, there exists a disadvantage in that an eddy
current occurs in the stator yoke, thereby producing a rota-
tional load.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
disadvantages and the objective thereof 1s a provision of a
motor that includes a dynamic pressure bearing whose con-
stituting parts can be easily processed, and has a high reli-
ability, a low-profile construction, and a low rotational load.

In order to achieve the above objective, a first aspect of the
present invention provides a motor (M1) composed at least of
a stator (S), a rotor (R), and a dynamic pressure bearing
having a thrust dynamic pressure bearing portion (SB) and a
radial dynamic pressure bearing portion (RB) to support the
rotor (R) rotatably 1n relation to the stator (S), comprising a
lubrication fluid filled portion (30P) connecting the thrust
dynamic pressure bearing portion (SB) with the radial
dynamic pressure bearing portion (RB) and being filled with
lubrication fluid (30) to be used 1n common by the thrust
dynamic pressure bearing portion (SB) and the radial
dynamic pressure bearing portion (RB), and a pump-in
dynamic pressure generation portion (P) being disposed
between the thrust dynamic pressure bearing portion (SB)
and the radial dynamic pressure bearing portion (RB) so as to
generate pressure that causes the lubrication fluid (30) to
move toward the radial dynamic pressure bearing portion
(RB).

A second aspect of the present invention provides a motor
(M1) according to the first aspect, wherein the rotor (R)
includes a shaft portion (2s, 10), a cup-shaped hub portion (2),
and a thrust ring (12) attached on the inner circumierential
surface (2a) of the hub portion (2); wherein the stator (S)
includes a tlanged sleeve having a sleeve portion (11) with a
through hole (11a) into which the shaft portion (2s, 10) 1s
inserted and a flange (115) extending radially outward at one
end of the sleeve portion; wherein the thrust dynamic pressure
bearing portion (SB) 1s comprised of a surface of the flange
(11b), a surface which is one of the surfaces of the thrust ring
(12) and opposes the surface of the flange (115), and the
lubrication fluid (30) filled therebetween; and wherein the
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pump-in dynamic pressure generation portion (P) 1s com-
prised of a surface of the flange (115), a surface which 1s one
of the surfaces of the hub portion (2) and opposes the surface
of the flange (115), and the lubrication tluid (30) filled ther-
cbetween.

A third aspect of the present mnvention provides a motor
(M1) according to the second aspect, wherein the surface of
the flange (115) 1s the outer circumierential surface (1162) of
the flange (115) and wherein the surface of the hub portion (2)
opposing the surface of the tlange (115) 1s the inner circum-
terential surface (2a) of the hub portion (2).

A fourth aspect of the present invention provides a motor
according to the second and the third aspect, wherein the
radial dynamic pressure bearing portion (RB) 1s comprised of
an outer circumierential surface of the shaft portion (2s, 10),
an mner circumierential surface of the sleeve portion (11),
and the lubrication fluid (30) filled therebetween, and wherein
the shatt portion (2s, 10) or the sleeve portion (11) has a path
(10a; 1056; 11d, 11e) allowing the lubrication flmd (30) to
move between both ends of the radial dynamic pressure bear-
ing portion (RB).

According to the present invention, constituting parts and
components are easily processed, thereby avoiding an
increase in production costs; a rotational load 1s not
increased; and a floating amount of the rotor 1s stabilized,
thereby leading to a higher reliability; and a low-profile con-
struction 1s realized.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FI1G. 1 1s across-sectional view ol a motor according to one
embodiment of the present invention;

FIG. 2 1s an enlarged cross-sectional view of “A” portion in
FIG. 1;

FI1G. 3 1s a plane view of a first substantial part of the motor
according to the one embodiment of the present invention;

FIG. 4 1s a plane view of a second substantial part of the
motor according to the one embodiment of the present inven-
tion;

FIG. 5 1s a perspective view of a core of the motor illus-
trated 1n the precedent drawings;

FIGS. 6 A and 6B are a graph 1llustrating an effect exhibited
by the motor according to the one embodiment of the present
imnvention;

FIG. 7 1s a partial cross-sectional view illustrating a first
modification; and

FI1G. 8 1s a partial cross-sectional view illustrating a second
modification.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1 to 8, a motor M1 according to one of
preferred embodiments of the present mmvention will be
described. The motor 1n this embodiment 1s a disc-driving
motor that has loaded a 1 inch magnetic recording disc and 1s
preferably used in a disc drive apparatus. The motor 1s
capable of rotating 7200 rotations per minute (rpm) during
operation.

As 1llustrated in FIGS. 1 and 2, the motor M1 1s composed
of a rotor R having a hub on which a magnetic recording disc
1 1s loaded, and a stator S having a sleeve 11. The rotor R 1s
supported rotatably in relation to the stator S by a thrust
dynamic pressure bearing portion SB and a radial dynamic
pressure bearing portion RB (referred to as a dynamic pres-
sure bearing B hereinafter, as the case may be).
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First, the stator S will be detailed. The stator S has a motor
base 5, a cylindrical sleeve 11 secured on the motor base 5,
and a core 6. The core 6 1s substantially annular shaped having
a cut-away portion L that makes the core 6 substantially
C-shaped, as 1llustrated 1n FIG. 5. The core 6 has a plurality of
protruding poles 6a protruding inwardly toward the center of
the core 6, each of which has a coil 7 wound therearoud. The
core 6 1s made by stacking thin silicon steel plates and the
surface thereof 1s insulatively coated by electrophoretic coat-
ing, or powder coating.

Reterring back to FIG. 1, a lead 7a at one end of the co1l 7
goes through a through hole 5S¢ provided 1n the motor base 5
and 1s soldered onto a land 14a of a tlexible print circuit board
(referred to as FPC, hereinafter) 14 attached on the reverse
surface of the motor base 25. The land 14a 1s electrically
connected to a motor drive circuit (not shown) of the HDD via
a circuit pattern (not shown) formed on the FPC 14. The
motor drive circuit provides electric current to each phase of
the coil 7, thereby rotating the rotor R.

The motor base 5 1s made by aluminum die-casting or by
press-processing an aluminum plate or an 1ron plate. When
the motor base 5 1s made of an 1ron plate, the surface thereof
1s electroplated by Nickel. In addition, the motor base 5 1s
provided with a cylindrical upright portion 36 having a
through hole 5q 1n the center thereof.

The sleeve 11 1s firmly and precisely attached on the motor
base by an adhesive 1n such a way that the outer circumier-
ential surface of the sleeve 11 1s fitted with the inner circum-
terential surface of the upright portion 3b. The sleeve 11 1s
provided with an insertion hole 11a to which the bearing 10 1s
inserted (described later) and a flange portion 115 that 1s
formed at one end thereof to protrude outward 1n a radial
direction. In addition, at the other end of the sleeve 11 1s
sealed with a counter plate 9 thereon. The sleeve 11 1s made of
a copper alloy such as C3602 or the like, or aluminum.

Next, the rotor R will be detailed. The rotor R 1s composed
of a hub 2 that takes substantially a shape of a cup and has a
cylinder solid shaft portion 2s at the center thereof, an annular
shaped magnet 8 secured on the outer circumierential surface
of the hub 2, and a thrust ring 12 secured on the imnner circum-
terential surface of the hub 2.

The hub 2 1s formed of martensite, ferrite, or austenite
stainless steel and subjected to a surface treatment such as but
not limited to electroless nickel plating for the purpose of
increased abrasion resistance and therefore the surface
thereof 1s coated with Nickel of about 3 to 50 micrometers
thick.

On the outer surface of the shait portion 2s 1s attached a
cylindrical bearing 10.

The bearing 10 1s made of for example copper alloy or
stainless steel. When copper alloy 1s chosen, the surface ofthe
bearing 10 1s electro-plated.

In addition, on the upper surface of the hub 2 1s provided a
male screw 15 for securing a damper (not shown) that secures
the magnetic recording disc 1 on the outer periphery of the
hub 2 by clamping 1t between the hub 2 and the clamper.

The male screw 15 1s made after the aforementioned sur-
face treatment 1s carried out on the hub 2, thereby preventing
a change 1n dimension caused by the treatment and a genera-
tion of particles caused by peeling-oil of the coated matenal.

The magnet 8 1s formed of a sintered material whose sur-
face 1s treated by electrodeposition coating and has a plurality
of magnetic poles. The magnet 8 1s adhered on the outer
circumierential surface of the hub 2. The thrust ring 12 1s
made of a stainless steel and adhered on the inner circumier-
ential surface of the hub 2.
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Next, regarding the dynamic pressure bearing portion B,
there will be described the radial dynamic pressure bearing
portion RB, the thrust dynamic pressure bearing portion SB,
and a lubrication o1l filled path 1n this order.

<Radial Dynamic Pressure Bearing Portion RB>

The radial dynamic pressure bearing portion RB 1s defined
by the outer circumierential surface of the bearing 10 secured
on the outer circumierence of the shait portion 2s, the inner
circum{ierential surface of the sleeve 11, and lubrication fluid
30 filled 1n a gap between the two surfaces. The lubrication
fluid 30 1s referred to as lubrication o1l 30 1n the following
description. However, the lubrication fluid 30 1s not necessar-
1ly limited to the lubrication o1l as far as 1t 1s 1n liquid state.

On the outer circumierential surface of the bearing 10 1s
formed a pair of radial dynamic pressure grooves 17 (17a,
17b) for generating radial direction dynamic pressure, both of
which are separated apart in an axis direction. The radial
dynamic pressure grooves 17 are a so-called herringbone
groove.

Although the radial dynamic pressure groove 17 1s formed
on the outer circumierential surface of the bearing 10 1n this
embodiment, 1t can be formed on the inner circumierential
surface of the sleeve 11.

By the way, FIGS. 1 and 2 illustrate the herringbone groove
formed on the outer circumierential surface of the bearing 10
two-dimensionally for the sake of explanation.

Between the bearing 10 and the sleeve 11 i1s provided a
narrow gap, in which lubrication o1l 30 1s filled. When the
rotor R rotates, dynamic pressure 1s generated 1n a radial
direction by an effect of the radial dynamic pressure groove
17, thereby rotatably supporting the bearing 10 (that 1s, the
rotor R) without contact to the sleeve 11, 1n other words,
leaving a predetermined spacing therebetween.

<Thrust Dynamic Pressure Bearing SB>

The thrust dynamic pressure bearing SB 1s composed of a
lower surface 1151 of the flange portion 115 of the sleeve 11,
an upper surtace 12a of the thrust ring 12 opposing to the
lower surface 1151, and the lubrication o1l 30 existing
between the two surfaces 1151, 12a.

In and on the surfaces of the lower 1151 of the flange
portion 115 or the upper surface 12a of the thrust ring 12,
there 1s formed a herringbone groove as a thrust dynamic
pressure groove 18, as 1llustrated 1n FIG. 3.

The thrust dynamic pressure groove 18 1s preferably
formed by etching, stamping, or the like.

When the rotor R rotates, dynamic pressure 1s generated in
a thrust direction by an effect of the thrust dynamic pressure
groove 18. This pressure then forces the thrustring 12 to move

away from the flange portion 115, or the rotor R to come close
to the motor base 5.

<[ ubrication Oi1l Filled Path>

The atorementioned radial bearing portion RB and the
thrust bearing portion SB share the lubrication o1l 30 filled in

a lubrication o1l filled portion (lubrication o1l filled path) 30P.

Namely, the lubrication o1l 30 1s filled 1n the .

lubrication o1l
filled path 30P 1n the following way. First, the .

lubrication o1l
30 has its own lower o1l level (o1l surface) 30a positioned 1n a
taper seal portion TS defined by the 1nner surface 126 of the
thrust ring 12 and a seal portion outer circumierential surface
11c of the sleeve 11, the surface 11c¢ opposing the inner
circumfierential surface 1256. Next, the lubrication oil 30
extends therefrom through the thrust bearing portion SB; a
gap between the outer circumierential surface 11562 of the
flange portion 115 plus the upper surface 1153 of the tlange
portion 1156 and the mner lower surface 26 of the hub 2, the
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inner lower surface 25 opposing the surfaces 11562, 11563 and
the radial bearing RB. Then, the lubrication o1l 30 reaches a
gap between the counter plate 9 and the bearing 10 and finally
a gap between the counter plate 9 and the lower surface of the
shaft portion 2s.

By the way, the bearing 10 1s provided with a through hole
10a penetrating from one end through the other end thereof.
Theretore, the lubrication o1l 30 can extend from one end to
the other of the bearing 10 through not only the radial
dynamic pressure bearing RB but also the through hole 10aq.
The through hole 10a serves to balance the pressure applied
on the rotor R 1n the thrust direction, as described later. The
through hole 10a 1s referred to as a balance hole 104, the case
may be, hereinatter.

Next, the taper seal portion TS defined by the inner circum-
terential surface 125 of the thrust ring 12 and the outer cir-
cumierential surface 11c¢ of the sleeve 11 will be described 1n
detail. The outer circumierential surface 11c¢ 1s inclined 1n
relation to the inner circumierential surface 126 1n such a way
that the distance therebetween increases away from the thrust
bearing portion SB. Not to mention the surface tension of the
lubrication o1l 30, such inclination makes it possible to gen-
erate a centrifugal force that causes the lubrication o1l 30 to
move outward (or toward a narrower distance portion) along
the mnclined surface 11¢ when the rotor R 1s rotating, thereby
preventing the lubrication o1l 30 to leak outside.

The motor according to this embodiment 1s comprised of a
pump-in dynamic pressure generation portion, in addition to
the radial dynamic pressure bearing portion RB and the thrust
dynamic pressure bearing portion SB. The pump-in dynamic
pressure generation portion will be detailed hereinafiter.

The pump-1n dynamic pressure generation portion P func-
tions to generate dynamic pressure to be applied on the rotor
R 1n the opposite direction to the direction of the dynamic
pressure generated by the thrust dynamic pressure portion
SR.

The pump-in dynamic pressure generation portion P 1s
composed of the outer circumierential surface 11562 of the
flange portion 115, the inner circumierential surface 2a of the
hub 2 opposing the outer circumierential surface 11562, and
the lubrication o1l 30 existing between a gap between the two
surfaces 1152, 2a. Namely, when describing in terms of the
lubrication o1l path, the pump-1n dynamic pressure genera-
tion portion P 1s provided between the thrust bearing portion
SB and the radial bearing portion RB.

The outer circumierential surface 1152 of the flange por-
tion 115 has a pump-1n groove 20 as illustrated 1n FI1G. 4. The
pump-in groove 20 1s formed, so as to generate dynamic
pressure to move the lubrication liquid 30 inwardly, or toward
the radial bearing portion RB, in the lubrication o1l path when
the rotor R 1s rotating.

Therefore, when the rotor R rotates, the dynamic pressure
generated by the pump-in dynamic pressure portion P 1s
delivered to the lubrication o1l 30 existing 1n the gap between
the counter plate 9 and the bearing 10 (the shaft portion 2s) by
way ol both the radial bearing portion RB and the balance
hole 104, thereby biasing the rotor R 1n a direction away from
the counter plate 9.

Consequently, the floating amount of the rotor R at the time
of rotating can be kept constant, or the tloating position of the
rotor R can be controlled, by balancing the dynamic pressure
generated by the thrust dynamic pressure bearing SB and the
dynamic pressure generated by the pump-in dynamic pres-
sure generation portion P.

According to the above configuration, the dynamic pres-
sure generated by the pump-in dynamic pressure generation
portion P can be exerted on a very large area, specifically the
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inner lower surface 256 of the hub 2 opposing the upper surface
1153 of the sleeve 11, the lower surface of the bearing 10 and
the lower surface of the shaft portion 2s, the lower surfaces
opposing the counter plate 9, thereby reducing a shaft loss.

When compared with a conventional configuration in
which the floating of the rotor 1s controlled by two thrust
dynamic pressure bearings generating dynamic pressures 1n
the opposing directions, the above configuration can reduce
shaft loss to a much greater extent.

In addition, since the dynamic pressure for tloating the
rotor 1s exerted on a very limited area in case of the thrust
dynamic pressure bearing portion in the conventional con-
figuration, the pressure 1s locally concentrated, thereby caus-
ing a rather large amount of shaft loss.

In contrast to this, since the dynamic pressure for floating,
the rotor R 1s exerted on a very large area as described above
in this embodiment, the pressure 1s not locally concentrated
but dispersed, thereby generating no large shatt loss.

Moreover, a distance between opposing two surfaces on
which the dynamic pressure for floating the rotor 1s applied
places almost no mfluence on the floating pressure even 1f the
distance 1s not strictly managed. Therefore, the hub, bearing,
and the sleeve can be readily manufactured and thus produc-
tion costs can be reduced.

Furthermore, the balance hole 10a provided in the bearing
10 1s capable of reducing a negative intfluence on the floating
amount of the rotor R, the influence being caused by a cylin-
dricality of the radial dynamic pressure bearing RB. The
reason will be described below with reference to FIGS. 6A
and 6B.

In the figures, a relation between the cylindricality of the
radial dynamic pressure bearing portion RB and the floating
rate of the rotor R 1s shown, wherein the horizontal axis
represents the cylindricality and the vertical axis represents
the floating rate. FIG. 6 A shows the relation when the bearing,
10 1s not provided with the balance hole 10a and FIG. 6B
shows the relation when the bearing 10 1s provided with the
balance hole 10a.

Specifically, the horizontal axis represents a diameter dii-
terence between both ends of the nsertion hole 11a of the
sleeve 11 1n a unit of micrometer. When a diameter of the
insertion hole 11a at the end adjacent to the counter plate 9 1s
larger (smaller) than that at the other end, the diameter dii-
ference takes a positive (negative) number.

By the way, a bearing whose cylindricality of the outer
circumierence does not matter 1s used as the bearing 10 in the
motor used in collecting data plotted in FIGS. 6 A and 6B.

On the other hand, the vertical axis represents a floating
rate 1n percentage wherein the floating rate 1s defined as 0%
when the rotor R 1s not floated so that the shait portion 2s sits
on the counter plate 9 whereas it 1s defined as 100% when the
rotor R 1s floated so that the upper surface 12a of the thrust
ring 12 comes in contact with the lower surface 1151 of the
flange portion 1154.

Under such an arrangement, when the cylindricality has a
negative number, a gap between the outer circumierential
surface of the bearing 10 and the inner circumierential surface
of the sleeve 11 becomes smaller 1n the portion adjacent to the
counter plate 9 than in the opposite portion. Therefore, a
lubrication o1l pressure 1s higher near the counter plate 9,
which then causes the lubrication o1l 30 to move 1n a direction
away from the counter plate 9. As a result, a pressure of the
lubrication 01l 30 existing between the counter plate 9 and the
bearing 10 (and/or the shaft portion 2s) reduces, thereby
reducing the tloating amount of the rotor R.

On the other hand, when the cylindricality has a positive
number, the gap becomes larger 1n the portion adjacent to the
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counter plate 9 than 1n the opposite portion. Therefore, a
lubrication o1l pressure 1s lower near the counter plate 9,
which then causes the lubrication o1l 30 to move toward the
counter plate 9. As aresult, a pressure of the lubrication o1l 30
existing between the counter plate 9 and the bearing 10 (and/
or the shatt portion 2s) increases, thereby increasing the float-
ing amount of the rotor R.

When the floating rate a 1s not in a range of 10% or more
and 90% or less, the gap between the bearing 10 and the sleeve
11 becomes so large that the shaft loss increases to an unac-
ceptable extent and the rotor S has a higher probability of
contacting the stator S, thereby leading to a lower reliability
as a motor.

When the bearing 10 1s not provided with the balance hole
10a, 1t can be figured out from FIG. 6 A that a cylindricality
range ET1 of within +/-0.15 micrometers only satisfies the
floating rate of 10% or more and 90% or less. However, a
high-volume production with such a high precision (cylindri-
cality of within +/-0.15 micrometers) 1s sigmficantly diffi-
cult.

When the bearing 10 1s provided with the balance hole 104,
the cylindricality range of within +/-0.60 micrometers can
readily satisiy the floating rate of 10% or more and 90% or
less, as shown 1n FIG. 6B.

Since the cylindricality that allows for no increased pro-
duction costs nor deteriorated reproducibility can be esti-
mated roughly as within +/-0.40 micrometers, 1t 1s presumed
from FI1G. 6B that the floating rate a o1 30% or more and 70%
or less 1s stably and sutfliciently realized without an increase
in production costs.

Consequently, a provision of the balance hole 10a 1s highly
favorable since a high-volume production is facilitated retain-
ing a high reliability while preventing an increase in produc-
tion costs.

Although the balance hole 10a 1s made 1n the bearing 10 1n
this embodiment, a conduit 114 can be made 1n the sleeve 11
instead of the balance hole 10a as 1llustrated 1n FIG. 7. Spe-
cifically, the conduit 114 has an opening at the upper end of
the sleeve 11 and extends to communicate with a cutout 11e at
a bottom portion of the sleeve 11, the cutout 11e being open
toward the gap between the counter plate 9 and the bearing 10.
The conduit 114 has the same function as the balance hole 10qa
made 1n the bearing 10, as apparent to those skilled in the art.

In addition, a recess portion 105 can be provided 1n and on
the iner surface of the bearing 10 1nstead of the balance hole
10a and the conduit 114, as illustrated in FIG. 8. The recess
portion 105 can have a U-shaped or V-shaped cross-section
and extend from the upper end of the bearing 10 through the
lower end of the bearing 10, thereby exhibiting the same
clfect as the balance hole 10a and the conduit 114. By the
way, the recess portion 1056 may be provided 1n and on the
outer surface of the shaft portion 2s.

Furthermore, when the bearing 10 1s made of a sintered
metal (alloy), the dynamic pressure exerted on the lubrication
01l 30 can be delivered through the pores 1n the sintered alloy
to the bottom of the bearing 10, thereby exhibiting the same
eifect by the balance hole 10aq without providing the balance
hole 10a.

By the way, the motor 1n this embodiment 1s a three-phase
motor provided with the core 6 that has six protruding poles
and the cut-away portion L (see FIG. 5). The cut-away portion
L. has an area corresponding to where three of nine protruding
poles that could have been made 11 the core 6 had a shape of
a closed ring without any cut-away portion can be disposed.
When the motor having this core 6 with the cut-away portion
L 1s loaded on a disc drive apparatus, the cut-away portion L
houses a pair of reading/writing heads 61a, 615, each of
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which opposes the upper and the bottom surface of the mag-
netic recording disc 1, respectively (see FIG. 1), thereby
enabling double-face recording and therefore doubling a
recording capacity in unit time.

The present invention 1s not limited to the representative
embodiments and modifications shown and described herein,
but other various modifications or alterations may be made
without departing from the spirit and scope of the general
inventive concept as defined by the appended claims and their
equivalents.

For example, the grooves provided in the thrust and the
radial dynamic pressure bearing can be a Rayleigh step
groove without limiting to the herringbone groove.

Although the pump-in dynamic pressure generation por-
tion P 1s defined by the outer circumierential surtace 11562 of
the tflange portion 115 and the inner circumiferential surface
2a ofthe hub 2 that opposes the outer circumierential surface
1152 as stated above, the pump-in dynamic pressure genera-
tion portion P can be configured by the upper surface 1163 of
the flange portion 115 and the mner lower surface 25 of the
hub 2 that opposes the upper surface 1153.

However, the groove can be formed with higher machining
accuracy 1n the side surface than 1n the upper surface when a
lathe turming method, which 1s better suited for processing an
axial member, 1s used. Therefore, the pump-in dynamic pres-
sure generation portion P 1s preferably disposed between the
outer circumierential surface 1152 of the flange portion 1156
and the iner circumierential surface 2a of the hub 2 by
tforming the groove in the outer circumierential surface 1152.

In the above, the shait portion 2s 1s firmly fitted into the
bearing 10 so as to have the bearing 10 as a part thereot, and
then 1s 1nserted 1nto the sleeve 11. However, the shaft portion
2s can be directly inserted into the sleeve 11 without using the
bearing 10.

In this case, a through path can be made in the shaft portion
2s, thereby exhibiting the same effect as the balance hole 10a
described above.

What 1s claimed 1s:

1. A motor comprising:

a stator; and

a rotor including a hub portion and being rotatably sup-
ported through a dynamic pressure bearing with respect
to the stator, the dynamic pressure bearing including;:
a shaft portion;
a sleeve portion 1including an 1nsertion hole into which

the shaft portion is iserted, the imnsertion hole having
an open end and a sealed end; and

a lubrication fluid filled portion being filled with Iubri-
cation fluid so that the shaft portion and the sleeve
portion rotate relatively to each other, the lubrication
fluad filled portion including;

a thrust dynamic pressure bearing portion;

a radial dynamic pressure bearing portion comprised
of the outer circumierential surface of the shaft
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portion, the mner circumierential surface of the
sleeve portion, and the lubrication fluid filled ther-
ebetween; and

a pump-1n dynamic pressure generation portion being
disposed between the thrust dynamic pressure
bearing portion and the radial dynamic pressure
bearing portion so as to generate pressure that
causes the lubrication fluid to move toward the
radial dynamic pressure bearing portion to reach a
gap between the shaft portion and the sealed end of
the 1nsertion hole, which tloats the rotor at a posi-
tion where the shaft portion 1s opposed to the sealed
end of the insertion hole, wherein the pump-in
dynamic pressure generation portion 1s indepen-
dent of the thrust dynamic pressure bearing portion
and the radial dynamic bearing portion.

2. A motor as recited 1n claim 1, wherein the shaft portion
1s fixed to the rotor,
wherein the sleeve portion 1s fixed to the stator,
wherein the rotor further includes a thrust ring attached on

the inner circumierential surface of the hub portion,

wherein the stator further includes a flange portion extend-
ing radially outward at the open end of the insertion hole,

wherein the thrust dynamic pressure bearing portion 1s
comprised of a surface of the flange portion, a surface
which 1s one of the surfaces of the thrust ring and
opposes the surface of the flange portion, and the lubri-
cation fluid filled therebetween,

wherein the pump-1n dynamic pressure generation portion

1s comprised of a surface of the flange portion, a surface
which 1s one of the surfaces of the hub portion and
opposes the surface of the flange portion, and the Iubri-
cation fluid filled therebetween, and

wherein the radial dynamic pressure bearing portion fur-

ther generates pressure that causes the lubrication fluid
to move toward the radial dynamic pressure bearing
portion, which floats the rotor at a position where an
upper surface of the sleeve portion 1s opposed to an inner
lower surface of the hub portion.

3. A motor as recited 1n claim 2, wherein the surface of the
flange portion 1s the outer circumierential surface of the
flange portion and wherein the surface of the hub portion
opposing the surface of the flange portion is the 1nner circum-
terential surface of the hub portion.

4. A motor as recited 1n claim 3, wherein the shaft portion
or the sleeve portion has a path allowing the lubrication fluid
to move between both ends of the radial dynamic pressure
bearing portion.

5. A motor as recited 1n claim 2, wherein the shaft portion
or the sleeve portion has a path allowing the lubrication tluid
to move between both ends of the radial dynamic pressure
bearing portion.

6. A motor as recited 1n claim 1, wherein a bearing 1s
secured on the outer circumierence of the shaft portion.
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